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How-To-Do-I t A Laboratory Miniproject in Plant Disease Diagnosis

A.B.A.M. Baudoin
An exercise in disease diagnosis by proving the pathogenicity of a microorganism following Koch's Postulates is an important part of most plant pathology and some microbiology laboratory courses. Such an exercise fits in general biology teaching as well; it would be a useful part of courses in botany, microbiology and mycology because: (1) the principles for proving pathogenicity are common to pathogens of animals, humans and plants; (2) it provides practice in the methods used to study fungal and bacterial pathogens; and (3) it provides an introduction to microorganisms that cause economically important plant diseases.
In most such exercises, all students in a class are provided with identical diseased specimens (e.g. Fulton 1981 ). This is most convenient to the instructor, but at the same time it eliminates some of the challenge and satisfaction for the students. Since all procedures are exactly prescribed, it results in less appreciation and understanding of the methods and the pitfalls encountered in diagnosing a disease. Providing each student with a different "unknown" disease is more true to life but has been difficult because of the logistics involved in providing a variety of diseases and of providing different healthy host plants at the right stage for inoculation.
The aim of this article is to describe procedures and resource materials for a laboratory "miniproject" in plant disease diagnosis, where each student studies a different "unknown" plant disease by isolating the suspected pathogen and determining whether the organism isolated actually caused the disease. Storage diseases of fruits and vegetables provide suitable pathogens for study, because there is a wide variety of host-parasite systems available, they are easily handled without need for greenhouse facilities, and healthy hosts at the right stage for inoculation can be obtained from supermarkets at any time of the year. Isolation from fleshy plant parts is usually easy compared to isolation from leaves or roots.
Discovery of the Causes of Disease
Through most of human history, the causes of diseases of humans, animals and plants remained obscure. Occurrence of disease was variously attributed to a human's sin, the wrath of the gods, nutritional disorganization of the body's juices or to an unfavorable environment (temperature, soil, wind, etc.) (Whetzel 1918) . It was commonly observed that any animal or plant body soon after death would crawl with worms and maggots, and it was a plausible conclusion that these arose spontaneously from the dead tissues. After the 1600s, however, most scientists discounted this version of the theory of spontaneous generation.
Following the development of microscopes, scientists found bacteria and other microorganisms in large numbers in diseased plant or animal tissue, and the idea that these were a result of disease or decay rather than the cause persisted until the late 1800s. Anton de Bary's careful studies of the life cycle of plant pathogenic fungi during the 1850s and 1860s convinced most of his contemporaries that fungi were the cause and not just the result of many plant diseases (Large 1962 dispute with the German botanist Alfred Fischer who questioned that bacteria could cause plant diseases, added a fourth requirement: 4. The microorganism must be reisolated from the inoculated host, compared with the first isolate, and found to be the same, in order to prove that it multiplied and spread in the host.
Preparation and Sources of Materials
The host-parasite systems that I have used successfully to demonstrate Koch's Postulates are listed in Table 1 . Additional systems are described in the references. Considerations in the choice include:
1. The pathogen should produce the structures necessary for identification on the host organ or in potato dextrose agar (PDA) culture. 2. Typical symptoms should develop rapidly on susceptible hosts, preferably within a week.
Some fungi such as Rhizopus and
Penicillium produce large numbers of air borne spores, which easily contaminate the cultures of other students in the room. These pathogens are best avoided, unless a laminar-flow hood is available in which students can transfer their cultures.
The number of different diseases available is not important, as long as not too many students receive the same disease. One pathogen can be presented on different hosts, such as Penicillium digitatum on lemon, orange and grapefruit.
Ten different pathogens with a number of hosts may be enough for a 30-student class. Decaying fruits and vegetables can be obtained directly from supermarkets and given to the students. However, to ensure variety, I find it more convenient to maintain a collection of cultures for inoculation. A culture collection can be built up over the years from specimens collected from gro- The exercise takes 4-5 weeks to complete and is best conducted after students have learned something about fungi and bacteria. If started earlier, the students will have to carry out their initial disease description with little background to aid in their interpretations. Actually, some instructors may prefer this, since it will force the students to describe and sketch what they actually see, rather than what they think they should see. At the end of the project, there will be a second opportunity to describe the disease on the inoculated host.
Pathogen cultures on PDA plates should be started about three weeks before the date needed. This requires 10 minutes if plates have been prepared previously.
Host fruits and vegetables may be obtained from a grocery store and inoculated about one week before the date needed. Some pathogens, such as Pythium sp. and Erwinia carotovora, progress more rapidly and should be inoculated 3-4 days before the date needed. Inoculation requires about two hours for 60-70 specimens. I use a small cork borer to remove a plug from the host tissue, and I leave this plug in the cork borer while I use the latter to cut a plug from the culture plate. Then I insert the culture plug with the host tissue plug on top of it in the hole in the host, using a rod to push the plugs out of the cork borer. I cover the wound with a piece of tape or a little petroleum jelly, and store the specimens in small plastic bags.
The following equipment should be available for all steps of this exercise: ; not all will need it) sterile paper towels Since the students will have only one or a few specimens to study, this will limit their ability to confirm "constant association." From the specimen(s) available, they should examine, draw and describe symptoms and pathogen structures: (1) macroscopically; (2) under low magnification looking for fungal fruiting structures and the like; and (3) microscopically by preparing scrape or squash mounts or thin sections, and staining them (Schaad 1980; Dhingra & Sinclair 1985) .
This phase of the investigation may give the students some clues regarding the best way to attempt isolation of the pathogen. The two most practical methods are: Students may be asked to procure their own fruit or vegetable from a grocery store. I also ask students to bring an empty peanut butter jar or equivalent container to incubate their specimen. For students who forget to bring one, I have spare jars or plastic bags. Jars are better than plastic bags, since fruiting structures on the host surface will not be crushed, and because the mess is better contained if students keep their rotting specimen too long.
Many of the postharvest diseases listed in Table 1 require a wound for infection, and wound-inoculation works with all of them. Students may be encouraged to experiment with inoculation methods. The amount of inoculum required to achieve infection can also be studied. Some students turn this step into a little research project.
Suggested inoculation methods:
1. Rub the host surface with 95% ethanol and let dry. Make a cut in the host tissue with a scalpel and insert a piece of agar culture. 2. Tape a piece of agar with the microorganism to the intact host surface, and place a drop of water at the edge of the agar to provide sufficient moisture. 3. Place drops of spore or cell suspension on the host surface (within a ring of petroleum jelly if needed). Prick with a needle into the host tissue through some of the drops, while leaving intact the tissue under other drops.
The instructor should discuss possible sources of error and stress the need for control inoculations (inoculations with distilled water or a sterile piece of agar) to check for contamination or quiescent infections that may already be present in the host. Stu- Identification (step 5) may be started at this time, or wait until the next week.
Step 5: Comparison of the Reisolated Organism with the Original Isolate, and Identification of Pathogen. Required: reference books (see references below) some bacteriological media (e.g. King's B medium, Schaad 1980) Gram stain solutions Beginning students will need a lot of help, if they are to be successful in identifying their unknown, but it does provide a very useful exercise and generates a genuine sense of satisfaction. I generally ask several advanced students to help out with this particular step. Alternatively, if identification of fungi and bacteria is not an important goal of the course, students might just be asked to prepare a detailed description of the pathogen and a list of similarities (and differences, if any) between the first and second isolate.
There are basically two approaches that can be taken to identify an unknown pathogen: 
Additional references for use in pathogen identification
A selection of references useful in diagnosing the postharvest diseases described is given below. In addition, many states have published extension leaflets and bulletins that may be made available to the class.
